MATERIALS AND METHODS
The mutant strain studied in this paper was originated from yellow variants found in 1958 in the X2 generation of X-rayed seeds of Normn No. 8, one of popular strains of Japanese rice.
The yellow tint varied with environmental conditions at the time of sowing and sometimes showed faint yellow.
The yellow individuals followed gradually to death after the three-leaf stage.
For selfing, caution was taken to avoid outcrossing by cultivating them in an isolated plot and sometimes by bagging with paraffin paper when natural crossing was suspected.
In survey of segregation, seeds were sown in middle May, and the observation of the yellow leaf colour was made at one-and two-leaf stages, counting the numbers of the green and yellow seedlings.
Good seed germinations were observed in general. This mutant was crossed with either of two normal green strains, Muketsu-to (a strain of paddy rice with a deep green colour and less tillers) or Dango-mochi No. 2 (a strain of upland rice).
Irradiation of dry seeds of this mutant strain with r-rays from a 6,000 curie 137Cs 1) Contributions from the Laboratory of Plant Breeding, Faculty of Agriculture, No. 35. source was made at the National Institute of Genetics. The r-ray intensity was 5kR/hr, and the exposures applied were 10, 20 and 30kR. The irradiated seeds were sent immediately back to our laboratory and were sown with least delay.
SEGREGATION RESULTS
(1) Selfing Segregation in the progeny produced by selfing was investigated from 1961 to 1966, and the results are presented in Table 1 . In the seined first generation (Si), a segregation ratio of greens : yellows = 1 : 1 was obtained.
The same segregation ratio was also found in 34 lines of the second generation (S2), and no constant green line was detected.
Almost all of the S3 lines showed the 1 : 1 segregation, but one line produced only green individuals.
In the subsequent selfed generation (S4) of this green line, 19 out of 30 lines examined bred true, while the remaining 11 lines showed segregation of yellow individuals but at a low percentage (about 3.5 % on the average). Out of 79 S4 lines of four groups derived from the 1 : 1 segregating greens, on the other hand, 78 lines were consisted of greens and yellows in the ratio of 1 : 1, and only one line was predominantly of greens except for one yellow individual. In the next generation (S5) (1961..d966) of this predominantly green line, three out of four lines bred true whereas the remaining one contained one yellow seedling among the 31 descendants. The 1 : 1 segregation ratio was kept in the S5 and S6 when the parents were picked up from the inconstantly green (1 : 1 segregating) S4 lines. Moreover, the survival greens of this mutant strain underwent a normal meiosis forming 12 at the first metaphase, and the development of the pollen grains and their germination on the stigma were also normal.
A satisfactory ripening of seeds and a high seed-setting rate were observed, being comparable with those in control rice plants.
(2) Test-crossings Segregations in the hybrid progenies between this mutant strain and Muketsu-to or Dango-mochi are presented in Table 2 .
Mutant x Muketsu-to : The Fl plants had green stems and leaves. Segregations of 43 greens and 2 yellows or of 51 greens and 15 yellows were observed in the F2. The two yellow seedlings in the former segregation had a whitish yellow colour and Table 2 . Segregations in the hybrid progenies between the mutant line and normal green rice (1964-J966) the segregation could not be regarded as a simple recessive ratio. But the yellow individuals in the latter segregation were somewhat greenish in colour and the segregation could be fitted to the 3 : 1 ratio.
In the F3 of the latter line various segregation ratios were observed. Namely, out of 15 F3 lines examined, five bred true as greens ; one contained only one yellow individual ; four were consisted of more greens and less yellows than expected from the 3 : 1 ratio ; three were of segregations close to a 3 : 1 ratio ; and the remaining two lines approximated a 1 : 1 ratio.
When the F4 lines were taken from the green plants of the F3 lines which showed the 3 : 1 segregation, the following three different segregations were observed : All greens (two lines) ; more greens and less yellows than the 3 : 1 ratio (two lines) ; and greens and yellows in the 3 : 1 ratio (two lines). When the F4 lines were derived from the 1 : 1 segregating F3 lines, on the other hand, segregations of greens and yellows close to a 1 : 1 ratio were observed in all of the six F4 lines.
Mutant x Dango-mochi : The F1 hybrids also had a normal green colour. The segregations in the F2 and the subsequent generations were similar to those observed in the above mentioned combination.
That is, one group of the F2 contained only two yellows among 81 plants, while the other did 43 greens and 11 yellows. The former yellows were whitish and of very low percentage.
The latter yellows were somewhat greenish and fitted to a 3 : 1 ratio.
This 3 : 1 segregating line showed various segregation types in the F3 generation. Out of 15 F3 lines investigated, three lines contained no yellow seedling ; four lines with less yellows than 25 % ; five lines approximately 25 % yellows (3 : 1) ; and three lines 50% (1: 1).
The F4 generation was taken from the 3 : 1 and 1 : 1 segregating F3 lines. Six F4 lines from the former segregating type showed the following four different segregations : All greens (two lines) ; more greens and less yellows than the 3 : 1 ratio (two lines) ; greens and yellows in an intermediate ratio between 3 : 1 and 1 : 1 (one line) ; and the both in the 1 : 1 ratio (one line).
On the other hand, all the six F4 lines from the 1 : 1 segregating type showed the same 1 : 1 segregation.
(3) r-ray treatments The mutant strain was irradiated with r-rays and the progenies (R2-R4) were investigated.
In the R2 segregation three new strains appeared in which found were segregations of three types, i. e., green, yellow and faint yellow.
In their subsequent generations, progeny test was made and the results are summarized in Table 3 (cf. Katayama and Shida, 1967) .
No. 4019 strain :
In the R2 generation from seeds exposed to 20kR of r-rays, the segregation in three phenotypes, green, yellow and faint yellow, was 16 : 14 : 9 which is close to a 3 : 3 : 2 ratio.
The most of the yellow and faint yellow individuals died after the three-leaf stage.
Five R3 lines examined contained the three phenotypes in the 3 : 3 : 2 ratio.
In the R4, however, three lines consisting only with greens and yellows in an approximate 1 : 1 ratio but not with plants of faint yellow were found. In other three lines of the R4 generation, the 3 : 3 : 2 segregation was observed.
No. 4023 strain :
In the R2 of seeds exposed to 30kR of r-rays, three phenotypes were found in a ratio of 14 : 29 : 13. In the R3, two types of segregations were observed as in the R4 of the strain No. 4019 (1 : 1 and roughly 3 : 3 : 2).
No. 4025 strain :
In the R2 of another 30kR-irradiated experiment, the three phenotypes also appeared but in a ratio which does not fit to the 3 : 3 : 2. However, among six R3 lines tested, two and four lines were found to be classifiable to the 1 : 1 and 3 : 3 : 2 segregating types, respectively. Segregations observed in the R4 lines derived from the 3 : 3 : 2 segregating R3 were similar to those in the R3. These three newly obtained mutant strains may be regarded as the results of an identical mutation induced by r-rays, because of the above almost identical genetic behaviour they showed.
DISCUSSION
In order to account for the heredity of a chlorophyll variant which occurred in the progeny of X-rayed rice and habitually segregated greens and yellows in a ratio of 1 : 1 (the yellows die soon, i. e., they are lethal), the present authors (Katayama and Shida, 1963 ) made a tentative assumption of balanced lethal genes as proposed by Muller (1918) . Further investigations have proved the validity of the assumption, thus conclusive explanations are offered here. Now suppose ii and 12 as two recessive lethal genes induced by the earlier X-ray treatment, which are unable to undergo normal chlorophyll formation, and L1 and L2 as the respective normal dominant alleles.
Existence of both the L1 and L2 results in That is, two sets of two complementary genes (L1 plus 12 and 11 plus L2) located very close to each other are carried by a set of homologous chromosomes.
A green plant of this mutant strain has L1 and 12 on one of the homologous chromosomes (designated here as L112) and l1 and L2 on the other (11L2). Recombination between L and l genes is supposed to occur scarcely.
Selfing of the greens brings about Ll12 L112, L112 11 2 and 11L2 11L2 in a ratio of 1 ; 2 : 1, and the two homozygous types, either for 11 or 12 gene, are yellow and lethal, and the heterozygous type green.
Consequently this line segregates habitually greens and yellows in the 1 : 1 ratio as described above.
Rare ocurrence of constant green lines may be explained by mutable recurrence from l1 and 12 to L1 and L2 respectively.
Stress should be laid on significance of the heredity due to balanced lethal genes as a mechanism which protects permanent heterozygosity (cf. Sinnot et al. 1950) . This slso relates to the problem of heterosis breeding.
The F1 hybrids between this mutant strain and normal green rice were green, and the F2 showed two different segregations of greens and yellows, i. e., a 3 : 1 and a predominantly green-producing segregations.
The yellows in the former segregation were somewhat greenish and those in the latter were whitish in colour.
This may be explained at least partly as follows.
Since the gene component of the original mutant is L1l2 11L2, the F1 hybrids must have either of the components, L112 L1L2 or 11L2 L1L2. Thus, if there is no competitive fertilization between pollens with different genotypes, only the 3 : 1 segregation is expected in the F2. However, if a competition between the double dominant pollen and the lethal-gene-carrying pollen occurs, being the former pollen surpassing over the latter in fertilization, green F2 individuals must be increased. As the segregation of the yellows at a low percentage was observed in the present study, it may be assumed that such a competitive fertilization between pollen grains with different genotypes had occurred (cf. Nishiyama, 1936) . Although it is uncertain which of the L112 and 11L2 pollens is inferior to L1L2 pollen, it may be assumed provisionally that the 11L2 pollen (brings whitish seedling) is inferior to the L1L2 pollen but the 7112 pollen (brings greenish seedling) is not.
With this assumption, the 11L2 L1L2 F1 produces more greens and less yellows than the 3 : 1 ratio in the F2, while the L112 L1L2 F1 gives the both in the 3 : 1 ratio in the next generation.
However, some types of anomalous segregations observed in the F3 or F4 derived from the 3 : 1 segregating F2 or F3 can not be explained only by this assumption (see Table 2 ). Namely, a mutational change of L1 to 11 is necessary to produce the 1 ; 1 segregating lines, and changes of L1 to 11 and of 12 to L2 are necessary to result in the green-predominant segregation. Also, it is necessary to consider that these changes must have occurred at high frequencies. At any rate, the research conducted so far does not supply sufficient data to discuss more on these points.
In the progeny of r-rayed original mutant strain, a new mutant strain which showed 1) This relation in yellows of which show whitish or greenish perhaps will be seen in the of selfing, but the present investigations for distinction were not enough.
progeny a segregation ratio of greens : yellows : faint yellows =3 : 3 : 2 was found.
The occurrence of this new mutant may be explicable by considering a r-ray-induced recessive mutation at a locus (A to a) which is independent of above L1 and L2 loci but is concerned in chlorophyll formation, and by assuming that this gene behaves hypostatistically to the balanced lethal genes. SUMMARY 1. In this paper the authors dealt with the heredity of a chlorophyll variant found in the progeny of X-rayed rice, which segregates habitually green and yellow seedlings at a ratio of 1:1, the yellows of which die soon.
The genetic behaviour had already been explained by assuming two recessive lethal genes.
Further survey of the selfed progeny was carried out as well as the examination of the mutant strain by testcrossing with other normal green rice and by r-ray treatments.
2. Assumed were two recessive lethal genes, ll and 12, which are unable to undergo normal chlorophyll formation, and the respective normal genes, L1 and L2.
Coexistence of L1 and L2 produces normal greens, and loss of either of the dominant genes results in yellows.
Also, both the loci are so closely linked to each other that recombination occurs scarcely between the loci, and L1 and 12 or 11 and L2 are locatcd on the same chromosome.
That is, the green plants of the mutant strain has L112 11L2 gene component, and the selfing gives L112 L112 : L112 11L2 : 11L2 11L2 in a ratio of 1 : 2 : 1, the two homozygous types either for ll or 12 gene being yellow and the heterozygote green.
3. Rare occurrence of constant green line in this mutant strain seems to have been caused by mutable recurrence from 11 and 12 to L1 and L2 respectively. And it is proposed that the heredity due to such balanced lethal genes has a significance as a mechanism which protects permanent heterozygosity, having a relation to heterosis breeding. 4. The F1 hybrids between this mutant strain and normal green rice were green, and the F2 showed two different segregations ; i. e., the one with 3 greens :1 somewhat greenish yellows, and the other with predominant greens : a few whitish yellows.
5. The latter segregation may be explicable by a competitive fertilization.
Since the gene components of the F1 plants are L1l2 L1L2 or 11L2 L1L2, if no competition occurred between the pollens with different components, a 3 : 1 segregation would be expected, while if the pollens underwent a competition, a distorted ratio would result.
However, some inexplicable problems still remain to be solved.
6. Gamma-ray treatments of this mutant strain induced a new mutant strain which showed a segregation of greens, yellows and faint yellows in a ratio of 3 : 3 : 2. An explanation that a recessive mutation (A to a) was newly induced may be given. This locus is considered to be independent of above L1 and L2 loci but to be concerned in chlorophyll formation, and this gene seems to behave hypostatically to the balanced lethal genes.
